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Water ch告stnutis a us巴fulplant which produces starchy fruits in shallow frεsh water basins. 
Howev巴r，th色町 ISveτy litle information on cultivation for w抗告rchestnut because of its being 
呂ccεptedas wild herb up to now. In th巴 presentstudy， using spineless， lar唄ge"grainedTmpa 
bispinosa Roxb.， to obtain basic materials for thεestablishment of stable， high'yielding cultiva叩
tion methods in paddy field， the growth characteristic， the production ecology and th巴εstablishing
procεss of fruit yield of water chestnut were investigated from crop agronomical standpoint. The 
1・日sultsare summaτized as follows. 
し Ina young s配 dling，the hypocotylεmerged first， then the large"cotyledon petiole， 4 stems 
(th巴firstto fourth) and hypocotyl roots cons巴cutivelyemerged in this order. During the period 
until the first stem r巴achedto the water surface， th日growthof organs，εxcept the water..typε 
branch root from hypocotyl was greatly reduced. While the first stem of young shoot had a highly 
preferentional growth in th巴experimentcondition with different water depths and light inten-
sit1es. 
2. From the individual nod日sof stε11， on巴leaf，one pair of wateτ…typ巴branchroots (2 pairs on 
the basa! part of the first stεm and first node of the巴achstεm)， more than 10 undεrground-type 
roots and one axillary bud emerged and grew acropetally. After the stεm had reached th記water
surfac日， a“rosette" having radi呂tedarrang日mentof floating leaves was form吋 onthe top of the 
stem. Axillary buds developed to branch stems at intervals of s官V記ralto morεthan 10 nodes， and 
the rosette was formεd on each top of the branch st日ms.
3. Y oung shoot with a rosettεand several-tens"cm-long stem was pulled up from seedling and 
transplanted to paddy field water吋 about15 cm in depth. When transplanting， the end of stem 
was ins日rtedin a depth of about 10 cm in the soil. After about one week rooti日gperiod， stem 
started to elongatξand new leaves b忠ganto develop; thεorgans from each node having acropetal 
growth. Transplanted st巴111Shad a regular growth rule for the leafεmergence in r巴lationto the 
nodal positions. 
4胆 Somequantitative changes were found in the v己getativegrowth depending on growth stages 
but the growth regul日ritywritten above was less varied; the leafεm巴rgenceratεdecreas吋 atboth 
the early and late stages， and increasεd at the middle stage. Stems， leavεs and roots had 
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quantitative and morphological diffεrences between befor日andafter the first flow巴ringtime 
5. Total dry matter weight of plant increased， showing a sigmoidal curv日，until early in October. 
Th日cropgrowth rate showed the maximum， 10 g/m2/day， atthe beginning of September. 1n the 
dry weight partitioning ratio of organs， fr巴shleaf r丘tiowas th日highest，and the ratio of C/F was 
not over 2 times; T. bis汐inosaRoxb. has a production system with high leaf ratio. 
6. After transplanting，めεnl1mberof rosettes per l1nit area increased to the maximum rosettε 
number stage having 100% cover dεgree， then， the number graduallyア dεcreasεdby the self 
thinning under the mutual shading with rosette expansion. During the self thinning， the inter--
rosettes space increased by leaf emersing， which allowed the plants to form and to promote thε 
growth of wεak and small rosettes. Thereby， the number of rosettes showed a temporal increasε 
at the final stage 
7. Leavεs a rosette increased in number with growth up to about 35 at the middl巴ofAugust. 1n 
case of rosette composed floating leaves，巴very!iving leaf blad巴wason the surface of water and 
the shape of the rosette was almost disc like. While in a case of emersed leaves， living leaf blades 
wer己arrangedinto the funnel shape on the stem top as the center， completely and sca!y. 1n this 
case， most of old leaves and dead leaves wer己記試teredunder the surfacεof water. 
The growth of emersed leaves was observ巴dby node on a stem， a leaf completεd in order of 
!eaf blade， upper petio!e and lower p吃tiole.1n complete position of nodes in various parts of leaf， 
th巴leafbladεwas on th巴6thto 7th node， the upper petiole was on about thε15th nodεand lower 
pεtiole was on呂bout25th node. Leav巴swhich were elongating their lower petioles showed an up 
and down movement by their growth movement.京Thilεtheassimilation functio!1 of single !eaf 
was kept highly from th巴7thto the 20th node and decreased slowly by aging O!1 over the 20th 
node. 
8. 1n this study， floating leaves were c1assified into three types; juvenile fIoating leaf， adult 
floating leaf and emersed leaf， based upon characteristics of their forms and uponεmergence 
tim日. On thεrelatio!1 between shapes and functions of floating leaves， the photosynthetic rate 
increased depending upon the order of juvenile floating leaves， adult floating le呂Vεsand emεrsed 
leav出， and the buoyacy also increasξddεpending upon the order of juvenil巴floating1εaves， adult 
floating leav日sand emersed leaves by the thickening of petioles. ¥可henthe photosynthetic rate 
W呂sused as thεindicator， comparison of巴veryleaf was mad巴ontolerancεagainst submerg日nce
and dryness. Th巴resultsshow巴dthat巴mersedleaves had the highest tolerancεto both treat-
ments. Thereforε， itbecame clear that the rosettεcomposed of emersed leaves kept the stable 
crop productivity. 
9. 1n the canopy crowded with emersed rosettes， the leaf arεa index (LAI) incr巴as日dto about 
2.5. Th巴leavεslayer was the single layer and made the wavy sh品peand showed an efficient light 
-intercepting characteristics by the sma!! area in mutual shading of leaf blades. Furthermore， th巴
canopy floated more or less 10 cm且bovew呂tεrsurfac巴，呂ndtheir structures showed the broad leaf 
type with leaf blades widely distributed on the upper 1呂yer. 1n addition， in th己 canopy，it was 
suggested that productivity could be kept by the efficient composition of high productive leaves 
changing old leaves to the new ones in each rosette onεby on日 1nthis case， itwas made clear 
that mechanism in removal of old leaves was made by thεuse of sl配 pmovement of the rosette 
according to the growth movemeロtof p巴tiol日s.
10. Yield was measured using the fresh weight of comm己rcialIyvaluable fruits， which weighed 
more than 10 g each， and was analyzed as the product of average weight per valuable fruit and 
their number p邑runit area. The latter， furthermore， was analysed as the product of the numbεr 
of productive rosett巴sper unit area and that of valuable fruits on a rosette. Yield varied frol11 
about 500gm-2 to about 1，200gm-Z with every kind of cultivation treatment. On aCCOU!1t of the 
average fresh weight of valuable fruits was stabilized， yield was fixεd in accordance with the 
numbεr of valuable fruits p巴runit area. 
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11. As two components of the number of valuable fruits per unit area， the number of productive 
rosettεs was fixed with density effect after the maximum rosette number stage. By fertilization宅
εarly transplanting and high planting density， the increase rate of rosettes p♀r unit area was 
日nhancedand th巴maximumrosette number stage was hastened. As a result， the final number of 
productive rosettes per unit area increasεd. 
12. Furthermorε， itcan be proved that the increase in number of valuable fruits per rosette 
dεpends on the increase in the cumulative number of flowers per rosεtt日owingto a prolonged 
f10wering period， which arises from thεpromotion in canopy formation and commenc巴mentof 
flowering. The variation was observed during the first flow巴ringtil11e to corr巴spondto that 
during the maximul11 rosette nUl11b巴rstage. ThεcUl11ulativ日nUl11berof flowers per ros日tteceased 
to incrξase at the same til11e， regardless of the til11ing of the first flowering， which showed a 
significant correlation with the til11ing of the first flow日ring.Also， high correlations werεsεen 
between the maxil11um rosettεnumber stage and th日firstflowering， and between thεcUl11ulativ巴
number of flowers and the number of valuable fruits per rosett巴.
13. Differでntiationof f10wer buds， f1owering， and growth of fruits proceeded togεther with 
increase in thεnUl11ber of leaves on t加 stεm.The deviation in th記phenomenonwas sl11al among 
the stel11S that flowered in August. By the comparison of the final weight of fτuits whose 
flowering time differed， thεexistence of a time…limit in flowering for obt乱iningvaluable fruits 
was noticed， ancl the effective flowering periocl was呂ssumeclto b巴fromthe first flow巴ringtime 
to micl-S巴ptember.Furthermore， by the changεof the ratio of valuable fruit numb日rper flowers 
bloomεcl (RVNF)， the p巴rioclof flowering was c1assified into three stagεs: 1.巴.early (from first 
flowering time to late August) ， when th巴RVNFis high and stable; micldle (from b日ginningto micl 
-S巴ptember)，when the RVNF decrεases; and late flowering period (after mid..Sεptember) ， whεn 
the time of effective flowering reaches its limit and the RVNF bεcomes zero. 
14. 1n th巴earlyflowering stage， the variation in the final size and amount of fruits was small 
irrεspective of th巴floweringtime and the kincl of st日ms.Also， a considerable pεrcentage in total 
nurnber of valuable fruits seemed to consist of the fruits whose form呂tion hacl start日dat thεεarly 
flowering stage， since the stage is much longer than the middle flowering stage. Consequently， the 
above-m叩 tioneclphenomenon is thought to be the factor contributing to the small variability in 
th日sizεanclamount of valuable fruits， stabilizing their averagεweight. 
15. A significant clistributing pattern of flowers was observecl in巴verystem where 1 to 2 nocles 
having flower buds (flowεr nodes: FN) and 4 to 10 nocles not having flowεr bucl (non-flower 
nocles: NFN) succeeclec1 alternately. The clistributing pattern of flower bucls formecl along a stem 
under thεshort-day condition was affected by photoperiod， the numbεr of FN pεr unit number of 
nod日son a rosette incr日asedwith the shortening of day-length. Th巴numberof NFN per NFNG 
(non-flower nocle group) showed a tenclency to dεcreas配athigher parts of a stem. '1、her巴fore，the 
conclition for fruit ripening conditions at lower FN， in w七ichthe flowers bloom at th日巴丘rly
flowering stage， was assumed to be better than that at upper FN. 
16. When the fruit productivity of each stεm was compared， the lower the nodes along the mother 
stel11 from which the stem emerg巴d，the larger the number of valuable fruits producεd on the stem， 
and thεhigher thεproductivity. Among these stems. the numb日rof fruits which had startεd their 
ripening in the巴arlyflowering stage was considεred to be larger. In cons巴quenc日， it was clarified 
that the lowering of branching orcler and the increasing of the stems巴mergingat an early stage 
in the stem composition are important factors for the proc1uction of a large number of valuable 
fruits and for the incr日asein th日yieldof a plant‘ 
17. As a general discussion，巴xamplesof yield performance on the high productivity in this stucly 
yvas discussεd. On T. bi:ψinosa Roxb. cultivated under the different conditions for thεhigh 
productivity， followings were recognized commonly， such as“high increaseing rate of cover 
de何日巴"“allowεc1to reach the maximum ros日ttenumber stage at early timε" “promotion on 
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emersed canopy formationぺ“elongationof the flowering period of each rosεtteぺTherεforε，it 
was madεclear that valuable fruits wεre produced by thosεconditions. It is concluded that 
promotion of the early growth was important according to the growing conditiol1s such as 
planting， dense planting， fertilization and etc.， in th記 pointaimed at th記improvementin cultiva 
tion system of主 bispinusaRoxb.. 
words: aquatic plant， paddy field cropping， Traρa biやinosaH.oxb.， Hydrocaryacε乱e，water 
chestnut. 
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鰭 語量
ヒシ科 (Trapaceae)は，ヒシ属 1属で，積はヒシ Tra仰仰おnsLサオニビシ Tralうaqua-



























4ヒシ， Iこは果実重が数gの小粒種から数十gに達する大粒種まであり， 10 a当りで収穫でき
るおおよその果実量は小粒種で150kg~300kg，大粒積で400kg~1000kgと言われている58.62)本












栽培技術Iに関しては，育苗法，移植法，施肥管理，栽培環境などについて， Bharadwaj & 











ら29)，Kovar & Gregor38)， Kadono40.41)ヲMakino54)，N akano60.61l， Radhakishnaiah68J， 
Staszkiewicz81.82)ヲTrela..Sawicka86.87)によって取り組まれてきた.分布については Shilov
ら80)のほか多くの研究がある e 諸器官の発育形態と機能に関してみるとラ Terasawa聞がきわめ
て低酸素条件下でも発芽することを観察い幼植物の発育と内部形態を Andrei九 Bar.
neoud22J， Couillault28)， Philomena & Shah67)がみた，また， Arimaら13)は諸器官の発育形態
をその生育期間を通じて観察している。茎葉の形態は水生植物に独得の種々の特徴を示し，中
でも浮葉の形態について Bassi20.21l， Bouygues25)， Kaul叫ヲ Sung83)がヲその光合成機能につい
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ては，有馬ら Tsuthiyぜ 8.90)が明らかにした.ヒシ'は水中に浮遊する水中根と諒土に貫入す
る地中根の 2種類の異形根を持つが，水中根の形態はラ Blatter2ヘFahn30)，Tumohoh91)， Vas-
si!tev94)によってみられ，その機能は有馬ら石丸ら35)ラTsuthiyaら88)によって検討された.
1 シ'は開花結実においても特徴的であり多花は水面上で開花し，直ちに水中に没し
う.Kadono & Schneider39)はその開花経過を観察し， Gibelli &岸川ら品)
はラ花器9 果実の内部形態を明らかにした.また， V uorela & Alot間は花粉の形態
1ら48)ラRam70)，Trela--Sawicka87)は怪の発予言を明らかにした，次に，ヒシ'の葉群を対象に


















~文護の成立過程を解析した a なお， .本論文はこれま
ついてt会討しヲ
1988 a 

































Fig町 2-1. Schematic drawing of organic devel-
opment of water chestnut seedling. 
ls， 1st main stem; 2詰， 2ndmain stem; 
wl，water leaf; wr， water roots; ugr， 
underground roots; h，hypocotyl; wbr， 
water type branch roots; ubr， under-
ground type branch roots; cp， larg巴一
cotyledon petiole; s， seed. 





Fig.2-2. Em巴rgenceorder and growth of 
each organ in water chestnut seedling. 
Water depth， 20cm; G巴rminationdate， 
5th April. 
Numerals in circle indicates the node 
numb巴rof stem. 
H， hypocotyl; Cp， large-cotyledon 
petiole; 1s， 1st main stem; 2s， 2nd main 
stem; 3s， 3rd main stem; 4s， 4th main 
st巴m;Wbr， water type branch roots of 
hypocotyl; 1・2wr，watεr roots of 1st 
and 2nd main st日m; Hugr， under-
ground roots of hypocotyl; 1・2ugr，
underground roots of 1st and 2nd main 
stem; 3wr， water root of 3rd main 
stem; 4wr， water roots of 4th main 
stem; 3ugr， underground roots of 3rd 
main stem; 4ugr， underground roots of 





長が約lmmで匪軸の先端に痕跡的に認められるにすぎない (Fig.2-3，A. B : mr). その後，直
ちに匪軸が出現し (Fig.2-3， A: h)，螺旋状に湾曲しながら水面に向かつて伸長した (Fig.2
-3， E: h).続いて，子葉節 (Fig.2-3， B: cn)が出現した.子葉節には，舌状の小子葉 (Fig.
A B C 
ノbr
D E F 
Fig. 2-3. Germination and organic developments at the early stage. 
A: emergence of hypocotyl (4 days after germination). 
B: emergence of cotyledon node and large cotyledon petiole (6 days after germina-
tiQn). 
C: cross section of cotyledon node (just after unfolding of small cotyledon). 
D: emergence of main stems (1st and 2nd main stem). 
E: emergence of water type branch roots from hypocotyl (l1days after germination). 
F: growth of hypocotyl branch roots (water type and underground type). 
h， hypocotyl; gh， germinaition hole; s， seed (fruit); cn， cotyledon node; lcp， large 
cotyledon petiole; sc， small cotyledon; wl， water leaf; lst~4th， main stem; wbr， 
water type branch roots; ubr， underground type branch roots; ugr， underground root; 
mr， main root. 
一'
有馬:トウビシの生育ならびに生産生態の解明と収重量成J'1に関する研究 1 































3 : F : ubr). また，これらの棋は水中では蕗線的に伸長したが，土壌中では著しく紹曲した.
根色は，水中部分が掲色で，土中部分が黒紫色を呈していた.
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'B .Q L _~以履悩磁路趨題協路協沼磁滋幽包 J o "3 
p ※ー >20304050203040 50 203040ω20304050 • ，O 九一一一一}
※※→ o 60 85 96 
Fig. 2-4. Effect日ofshading and water depth on thε 
total fresh weight and partitioning ratio of 
weight of young seedling (22days after sow-
ing) 
0-， total fresh weight of seedling;鼠， main 
st日ms;[コ， hypocotyl;額， cotyledon petiole;※ 
ベヘwaterd記pth(cm); 
※※→ぷhadinglevel(%) 












置床水深の1. 5~2.5告の増加に伴ってl. 2'""'-' l. 5簡に増大した.処理の組合せによって経軸長は
最高で約3信にまで増大した (Table2-1).一方，妊軸重は，無遮光@水深20cm区より，遮光
処理によって1.2~0 .4揺の9 置床水深によって l ， O~1.2倍の増減がみられ，処理の組合せによ
Table 2-1. Effects of shading and water depth on the length (Cm)呂ndfresh weight (g) 
of hypocotyl. 
Shading 1巴vel
Water depth Cont. (0%) 60% 85% 96% 
20cm 8.0土0.8 10.5ごと1.2 18.5こと3.0 19.0:t2.6 
(2.7土0.3) (3.2土0.4) (1.0こと0.2) (1. O:tO. 2) 
30cm 8.0ごと1.0 13.0:t2.0 18. 5i:3.1 19.0:t2.9 
(2.8:i0 .3) (2.7二と0.3) (0.8土0.2) (0.5土0.1)
40cm 11.5:i了1.9 17.0土3.0 19.5士2.6 23.5:士:3.9
(3.0土0.3) (2岨1土:0.3) (0.6土0.1) (0.5こと0.1)
50cm 12.0士2.1 18.0ニ主2.9 20. O:t3. 6 23.5:t4.5 
(3.3土0.4) (1.2こと0.2) (0.5土0.1) (0.4ゴ二O‘1)







d 2.0 は経軸長が12~13cmになるまでやや増加したが， 判
それ以上に伸長した場合に減少した.佐軸の生 守









遮光 (-0.8573)Jとなり 9 いずれにおいても遮
光が強く影響を及ぼしたことが分かった，
Fig. 2-5. Relationship between weight and 
length of hypocotyl 
2 -2.大子葉柄

















1、able2…2. Effects of shading and water depth on the length (cm) and fresh weight (g) 
of large cotyledon petiole 
level 
Water d叩th Cont. (0%) 60% 85% 
20cm 2.0土0.2 10.()土1.0 16.5::t1.8 
(0.1土O.(1) (り G土0.1) (0.8士0.1)
30cm 3.5土0.4 1l.O:t1刷3 23.0土3.3
(0.2土0.01) (0.6土0.1) (1.2土0.2)
40cm 7.0ゴ二0.8 12.5土1.8 27.0土.4.0
(0.4土0.03) (0.7土0.1) (1.3土0.2)
50cm 7.5ニと1.2 15.0土2.2 27.5土3.9
(0.4こと0.03) (0.8土0.1) (1.3:t0.2) 
Num巴ralsin par巴nthesesare weight of large cotyledon petiole. 








29. 5:t3. 8 
(1. 5:tO. 3) 
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。， arrived to the water surfac巴 0，emerged;畿，notemerged; 1 ~ 4 ，1st main stem 
~ 4 th main st巴m.
孔1easuredon th巴 22ndday after sowing. 
1、able2~4. Effects of shading and wat巴rd記pthon th邑 totalweight of stems and 
leaves per plant町
Shading 1日vel
Wat巴rdepth Cont. (0%) 60% 85% 96% 
20cm 5.1土l.1 3.1土0.8 0.8ごと0.4 1.3土0.2
30cm 5.0土:l.3 3.3土0.7 0.8土0.2 0.1二と0.1
40cm 4.1土l.2 2.6土0.5 0.6:10.2 0.1土0.1















口、 1st main stem; 臣室， 2ndmain stem; 
図， 3rd main stem;議， 4thmain stem. 
※→，water depth (α11);※※→，sh旦d






5 c: 40 
Jコg， 20 
" ι 
?2~~o kb~~ ~b ~o 30必502030必5020304050 
※※→ o 60 85 96 
Fig. 2 '7. Effects of shading and water depth 
on the length of main stems 
臼， 1stmain stem;路， 2ndmain stem; 
図， 3rd main stem;欝， 4thmain stem; 
※ー ヘwaterdepth (cm); 





置床23日後の水中}f軸根数 (Table2-5) は，無遮光 e水深20cm症の101本より，遮光あるい
有馬:トウピシの生子まならびに生E室生態の解明と収議成J'z:~こ認する研究 15 
Table 2←5. Effεcts of shading丘ndwater depth on the number of branch roots and branching 
density' of hypocotyl 
Shading level 
Cont. (0%) 60% 85% 96% 
Water d日pth a b a b a b a b 
20cm 101士7 165土14 153土12 226:t15 158:t14 157士15 B4了t13 :32:t29 
(12.6土1.1) (14.6土0.9) (8.5土O‘9) (7.0土0.1)
30cm 137土14 213ごと16 1:)8:t15 193:t 17 129:士15 30士28 129土19 。
(17.1土1.2) (10.6こと().9) (6.8:t 1.0) (6.6ごと1.3)
40cm 156土1ヲ 229土18 144:t14 200土19 122土16 5 :t18 76:t38 。
(13.6土1.1) (8.4土0.8) (6.2士0.7) (3.2土1.6)
50cm 133:t 15 209土17 135土16 166土15 120土12 。 。 。
(11.0:t1.0) (7.5土0.8) (6.0土0.6) (0) 
へnumberof branch roots per unit length(cm-1); a， number of water type branch roots of hypocotyl; 
b，l1umb日rof underground type branch roots of hypocotyl. 
Numerals in parenth巴日esare bral1ching density of water typ巴bral1chroot 















H 。02η 200 















Fig.2…8. Relationship between the number of 
wat巴r type or underground type 
branch roots and length of hypocotyl. 
Dotted were th巴dataobitained in the 
experim巴nts(16 combinations of shad. 




















































主茎であり，第2および第3主茎は子葉節に分化した側枝とみられる.また 9 第4主茎は第 1
あるいは第2主茎の側校と考えられる.したがってヒ記の主茎の発育特性は]寅芽優勢の現象に







0510 0510 05 
Length of bra配hroot (cm) 
60 85 96 
Shading levei (0/<，) 
Fig. 2 9. Effects of w乱terdepth且ndshading 
on the structmで ofroot system of 
hypocotyl. 
Broad ~ pointed line indicates 
average length of hypocotyl. 
※ー ヘlength of wat巴rtype branch 
root;←一*，Iength of underground 
typ日br丘nchroot. 
Num日ralindicat巴sthe av巴ragelength 





































































中央部の直控)を測定した e またラ葉抵の大きさとその変異をみるために 7月5日， 8月5日
および8月25日の 3時期に生背中の 2個体の各葉冠の車径を測定した.さらに， 7月21日ヲ 8 
月31日および10月12日に採取した個体の主菜の各節に出根した水中根の 1次長および2次根数









長が増加した(Fig司 2-10).成熟した節からは， 1枚の葉， 1つの蔽芽ヲ l対の水中根および十
数本の地中根が出現した.主茎における節数の増加速度を新薬の農薬速度によってみると，展
葉速度は，移植約 l週間後から徐々に速くなり， 7月下旬から 8月上旬にかけて最高となった
(Fig. 2-11).最高時の展葉速度は， 2.0枚/日を上回った.その後，牒葉速度は徐々に低下














Fig. 2-10. Growth of s在日dlingsand tr丘nsplant
ed shoot 
A: growth of seedling in water 
B: transplant of a seedli日g
C: growth of a seedling aftεr rooting. 
w. water level; bo. bottom of w乱ter;s. 
S日ed;wr. watεrroot; br. branched stem; 
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Jun. Jul. Aug. Sep. Oct. 
Fig. 2-11. Leafεmerg巴ncerate and total num-
ber of leaves emerged on a main st日m
0， leaf emergence rat日 (numberof 
leaves pεr day); 
G， total numb巴rof em日rgedleaves on 




























Fig.2-13. Time course of stem length. 
A， main stem; B， total stem length per 
plant. 
※， first flowering time. 
Oct. Jul. Jun. 
Oct. 
Fig.2-12. Time course of the number of stems 
per plant. 
1， primary branch stem; 2， s巴condary
branch stem; 
3， tertiary branch stem; 4， fourthry 
branch stem， 




























ち・ ，.r .'内久fゐi/ j83 
2:ドナー プーL-i:i
Fig.2-14. Changes in length and diameter of 
internode with node position in main 
stem (12th Oct.). 
A，l巴ngthof internode; B， diameter of 
internode; *， node of lamina opening. 
(Fig. 2-13). 
(2) 葉冠および葉の生長




20 佐賀大学農学部草案幸星 第76号 (1994)
Fig.2-15. A rosette of water chestnut， Trapa 









Jun. Jul. Aug旬 Sep. Oct. 
Fig.2-16. Time course of the number of leaves 
per rosette. 
Table 2-6. Variations in size and leaf numb巴rof ros巴t巴.
Diameter Number of leaves 
Date Mean(cm) CV(%) Mean(cm) CV(%) 
5th July' 13.7 36.5 25.1 35.4 
5th August* 20.1 17.4 31.2 16.3 
25th August*' 22.3 7.4 33.2 7.8 


















J四.Jul. Ang. Sep. Oct. 
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Jun. Jul. Ang. Sep. Oct. 
Fig.2-18. Time course of 
leaf dry weight 
Jun. Ju!. Ang. S停Oct.
Fig.2-19. Time course of 









































? ? ? ?
??。
Jun. Jul. Aug. Sep. Oct. 
Fig.2-20. N odal root emergence from the main stem. 
ム， node position of lamina opening node; 
0， node position of water-roots emergence node; 
0， node position of underground-roots emer司
gence node; 







40 80 120 160 200 
Node posi tion on stem 
Fig. 2-21. Changes in length of mother root 
and the number of branch roots of 
water root with nod邑position.
0， length of mother root; 0， number 









































RGR， 0 (measured value)， e (calcu四
lat邑dvalue). 
Oct. Sep. Aug. Jul. Jun. 
。
Oct. Jun. Jul. Aug. Sep. 
Fig.2-22. Growth curve of water chestnut 


















Jun. Jul. Aug. Sep. 
Fig.2-25. Time course of ratio of non-assimi-




~加出伊tiole. 閤 S胞m，自 R∞t ，




























Fig.2-26. Time course of leaf ar，巴aindex (LAI). 


















































際しては，水深を常時30cmに保った 2mX 3 mのコンクリ…ト枠水田を育苗床として用い，
50Cの冷水中に保存した前年度産の果実を4月10日に 1m2当り 9~10個播種した.移植に 1 週
間先立つて入念に代掻きし，水深を15cmに保った.また，元肥として化成肥料を成分量でN:
P : K= 5 : 5.7: 5 gm一九代掻き時に施用した. 4 m2 (2 m X 2 m)の区画を波板で10区画
























































? ? ? ?????
Fig.3-2. T:γ.apa bispinosa Roxb. grown in 
paddy field. (20th July， 50 days after 
transplanting) 
↓， the small and weak rosette is fal-
ing off through self thinning. 
Fig.3-3. Tr駒倣抑制Roxb.grownin pa物五eld
- partially com似湾対ofemer普賢jleaves一
(13th August， 74days after transplanting) 
Fig.3-4. 日脚仮抑制Roxb.growninpa劫rfield
-totaly composed of emersed leavesー
(1抽拘tem加.，102daysa加国時凶位Jg)
Fig.3-5. 日脚lJistinosaRoxb.growninpa崎rfield
- growth closing - (10th November) 
r、40 100 ~ 
。旦‘ 30 s m ab a
“ ω
~ 20 回。
回。 50 唱~ω b 
;10 
o 8 。
Jun. Jul. Aug. Sep. 
Fig. 3-6. Time course of the number of 
rosettes and cover degree with leaves .，cover degree of floating leaves; 
0， cover degree of emersed leaves; 































Fig. 3-7. Change in leaf arrangment with 
growth stage. 
A，covered with floating leaves; B， 
crowded with floating leaves; C， emer. 
gence of emersεd leaf; D， increace in 
population height; E， formation of 








Fig. 3-8. Profile of rosettεcomposed of 
emersed leaves. 
(obs巴rvedon 20th September). 







200 0 200 必o 600 800 ~ω。
Fresh weight of回.chor，伊(蜘-2)
Fig. 3-9. Canopy structure of Trapa bi.ψinosa 
Roxb. having emers巴dleaves 
A:口， lamina; ~， petiole，閥， death 
lamina;図， death petiole;震蕊 stem;
醤， water root;甑， fruit. 
B: LI-LA， unshaded leaf area; MS-LA， 


































材料には， 1987年に佐賀大学農学部本庄薗場のコンクリート枠水田 (3mX 4 m)で移植栽
培したトウピシを用いた.青苗は第2章，第2節と同様にして唐土を 5cmの厚さに入れた育苗
水槽 (60X 60 X 50cm H)に地下水を湛水して行った. 6月15日に茎長を約50cmに揃えて採苗し
た分枝茎の茎基部の約10cmを底土に挿入して移植した.栽植密度は約l.0本m-2とした.施肥
は，N:P:Kニ 4: 4.6: 4 kg/10a相当量の元肥を化成把料で施した.水深は地下水を謹概す
ることで約15cmに保った.
葉の形態の観察および葉冠の光合成速度の測定は生育期間を通じて江田 {5/16(移植前)， 7/ 
5， 7/21， 8/2， 8/15， 8/26， 9/4， 9/14， 9/25， 10/5， 10/13}行った.葉冠の光合成速度の澱
定には毎回 6~8個の生育の平均的な葉冠を用いた.葉冠は約 1mの茎軸を付けて採取し，葉
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配霞が崩れないように室内水槽に浮かべた.光合成速度は水構上にアクリノレ製の同化箱 (40X
40X 15cm H)を設置し，赤外線ガス分析計(日立一堀場赤外線分析計， EIA-1A)を用いて通気
法によって測定した.光源には反射型陽光ランプ(東芝製， DR400/T) 4 f閤を用い，光強度は
































Fig.3-10. Ilustration of leaf blade 
状組織はやや厚みを増す態度であったが，葉脈
J. juvenil巴floatingleaf (5th July); 
A， adult floating leaf (2nd Aug.) ; 
E， emersed leaf (4th Sep.); 
s， adaxial side; r， abaxial side. 
Table 3-1. Character・sof leaf blad巴inTrapa bislうj抑osaRoxb 
Juvenile leaf Adult leaf Emersed 1日af
Sampling day 5th July 2nd August 4th September 
Ratio of breadth and length 0.88士0.05 1.27土0.06 1.38土0.03
Leaf area (cm') 6.6土1.2 13.8土1.5 23.2土1.8
Fresh weight (mg) 180士35 605土125 895土85
Dry weight (mg) 32士10 105土35 185土23
Number of serrates 23こと 2 29土3 33土2
Leaf spot vivid 
Gre巴nlevel 1刷2:t0.1 1.6土0.2 1.8ごと0.2
N umber of stomata (x 103m-') 19:t 2 22土1 26ごと l 
Width and length of stomata (μ) 15.4x4.4 17.6x7.8 19.8X10.9 























品。L~ J 十 A 十 ε一
May尉 Jun. Jul. Aug. Sep. Oct. 
Fig.3-12. Seasonal changes in photosynth巴tic
rate of rosette at different photosynth-
etic active radiations. 
阻，2∞(μmolm-2s-1};A， 550 (μmolm-Z，γ1); .，1100 (μmolm-2s-1) . 
]， juvenile leaf stage; A， adult leaf 
stage; E，巴mersedleaf stage. 
A 
?
Fig.3-11. Cross section of midrib part of leaf 
blade. 
J， juvenile floating leaf (5th July); 
A， adult floating leaf (2nd Aug.); 













。 300 600 9∞ 1200 1500 
Pl田to明 theticactive radiation (μmolm-z 8-1) 
Fig.3-13. Rεlationship between photosynth均
etic rate and light intensity. 
]， juvenile leaf stage (5th July) ; A， 
adult leaf stage (21st July); E， emer四
sed leaf stage (4th Sept.) 
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Fig.3-14. Relationship between photosynth. 

















1.1 1.3 1.5 1.7 1.9 2.1 
Green level of leaf blade 
Fig.3-15. Relationship between photosynth. 
etic rate and gr巴巴nlevel of leaf blade. 
Green level was measured with a green 





















20 40 60 80 100 120 
Time after tr儲 tm朗 t(min.) 
Fig.3-16目 Recovery rate of photosynthetic 
rate of rosette after submerging treat. 
江lent.
J， juvenile floating leaf; A， adult float‘ 



































40 80 120 160 200 240 
Time of tr曲t沼田武 (min.)
Fig.3-17. Effect of drying treatm巴nt on 
photosynthetic rat巴ofrosette. 
J， juvenile floating leaf; A， adult float命
ing leaf; E，巴mersedleaf. 
Conditions of drying treatment: rela-
tive humidity， 65%; light intensity， 
1110 (μmolm -2s -1); temperature， 













July Aug. Sep. 
Fig. 3-18. Buoyancy of rosette‘ 
A， rosette of adult floating leaves; 















15thMay 15th June 15th July 10th A略 15thSep 
(Ju糊 ile)(Juvenile) (Adult) (Ad山) (恥閑ed)
Fig‘3-19. Partial charge ofbuoYaI均Tofeacho略肌
B， leaf blade; P， petiole; S， st巴m
Partial charge ratio (%) 
= buoyancy (g) of each organ-;-
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※※ I . -..ーで一一て一ーペ... ';0 同
5 10 15 20 25 30 言→→o 0 
3 ※ N哨 1position 
Fig.3…20. Morphological change of leaves by 
node position. 
( 1 ) ， photograph of I日avesin a rosett巴;
( I)， partial length. 
※，Iamina opens on this node;※※， 






























s 10 15 20 25 30 
E曜叫量eposition 
Fig.3-21. Changes in photosynthetic rate and 
green level of leaf blade with node 
position 
a， photosynthetic rate; b， green level. 
Green level was measured with a green 




























8 8 10 0 2 4 6 
P.M A.M 
Fig.3-24. The number of up-moving leaves 
per rosette， shown as perc芭ntageof up 




Fig.3-22. Up-and-down movement of emer. 
sed leaf. 





















9 10 1 
R は
Fig.3-25. Change in starting time of up-mov司
ing of em巴rsedleaf in a rosette with 
node position on stem. 
※， node， the lamina of which is op宮町並ng.
4 2 3 
A.M. 
。8 
Fig.3-23. Opening and c10sing of 記mersed
leaves of rosettes. 















































































した.試験毘は，無施肥区および雄日杷区の2区とした.本田代鐙き後に 4m2 (2 mX 2 m) 
の区画を各BJO区甑設震し，施肥区には佐賀平垣部のトウピシ栽培において領行的に施されて






収量 (gm2) 精果実数(儲1m2)X平均精果実重 (gl個) …・……………………ー ………(1)





材料は1988年に佐賀大学農学部本庄髄場に設置した鉄製水槽 (50X 50 X 80cm H)において移
有潟:トウピシの生育ならびに生産生態の解明と~又震成立に関する研究 c，n jj 








速度を 9 月 10 日 ~15臼に携帯用光合成装置 (LI6200) を用いて，第 3 主主第 4 長官と同様の方法で
測定した。収量および収議構成要素は11月2日に採取した果実について調査した。





























Jun. Jul Aug Sep. Ocl. 
Fig. ，1-1. Effect of feτtilizatioll 011 the llumbeτ 
。frosettes. 
()， fertilized;建設unfertilized;行 and(⑧ 
maximum rosett巴numberstage. 
Table .;1-]. Effects of fertilizatioll 0]] bjomass of vegetative parts ()f TraPIl bI:¥jJInoslI 
Roxb 区rownin paddy field 
(l5th Sep守 DW:gm-2)






















F日rtilization:N， P， K; 3.5詰m-2each
WR water root5; UGR undeτground roots. 
第 76号(1994)38 佐賀大学農学部数報
。，fTrm争abi.ゆi官wsaTable 4-2. Effects of fertilization on yield and yield components 






































F邑rtilization:N， P. K; 3. 5gm-2each 
VF， valuable fruits(a fruit is m()re than 10 g in fresh weight); RS， ros巴t巴s;VFR. valuable 
fruits p巴rrosette. 
2 ) 
実験 1の場合と間諜に最終葉冠数が窒素施用区で増加した (Fig. また 9 各試験誌の立
葉の程度を，葉冠内面の葉身が水面となす角を 0とし tanθ で示した葉の{頃斜によってみると，
額斜は窒素施用量に伴って大きくなった(Fig.4-3). LAIは窒素無施悶区でl.0を超えなかった
が，窒素施用区では施用量の増加に伴って1. 5~2.1 まで増加した (Fig. 4-3).一万，窒素施用
は葉の生理的形費にも影響を及ぼしヲ施用量の増加に伴って葉の緑度が増加したほか，光合成





















制 1I I 1副 1I I I 181 1 1 ILJ!!. 
0510前部 0510152日 0510査部 0510怒20
Nitrogen le開 1(郡.n-2)
Fig. 4， 3. Effects of nitrogen applicatioll on 
l巴afarεa index (LAI) and leaf angl日
(l5th Sep.). 
じ1，LAI; _， leaf angle; 8， leaf日11耳le



















o 5101520 05101520 0 5101520 05101520 
十P 十K +PK 
Nitrogen level (gm-Z) 
Fi，ミ 42. Effect日 ofnitrogen applicatiun on 













5 10 15 20 0 5 10 15 
Nitrogen level (gm-Z) Ni trogen levε1 (ω1-2) 
Fig. 4-4. Effects of nitrogen application on gr巴enlevel (A) and photosynth日ticrate 












































PKPK PKPK PKPK 
5 10 15 
Nitrogen level (gl1"'Z) 
Fig‘4 5. Biomass of ve只etativ巴 partsancl 
fruit (2nd Nov.) 

















Table十3. Effects of品pplicationamount of nitrog巴non yield and yielcl components of Tralうabis戸mυSIl
I?oxb. growl1 in watεr tank. 
Amount of Total weight Yield 
nitro宮町1 of fτuits 
No. of No. of 
VF I?S 
(m…') (m'2) 
o 708ネキ 632ネ* 35.3本* 33.7** 1.05 17.9 
5 1042 904 52.3 60.2 O.i:l9 17.3 
10 1061 908 52.1 60.0 O.i:l9 17.1 
15 1020 981 51.2 58.0 0.88 17.4 
20 1064 910 52.0 57.5 0.90 17.5 
























試験民は， 4期の移植時期(5月2日ヲ 5月17日， 6月1日， 6月16日)と 4段踏の栽横密
度(0.66，0.33， 0.22， 0.16本1m2)を組合せ，計16区とした.栽植密度は所定の密度となるよ
うに波板を用いて方形区画を設け， 1区の面積をそれぞれ， l.5m2， 3.0m2， 4.5m2， 6.0m2と
し，各区画に苗 1本を移植して調節した.また，各区の反痩数は，0.66本!Rが8，0.33本区が
7， 0.22本誌が6，0.16本宮が5とした.苗は，各方形区画の中心部に茎基部を底土壌中に約



























収量構成要素についてみると，まず，平均精果実璽 (Table4-7) は 19 “ 3~20.5gバl訴の範間で
変異し，その幅が比較的小さかった.したがって，上記の収量の差異は主として精果実数の多
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11 21 31 10 20 30 9 
Jul. Aug. Sep. 
Fig. 4-6. Changes in th巴numb巴rof rosettes of 
low (A) and high (B) plantin宮density
plots 
1、ransplantingtime:一一一， 2ndM町、
一一 ，17th Ma1';…ー 1stJ une; ・ーー ，
16th June. Planting density: A， 0.16 p巴1・
unit area (m') B， 0.66 per unit ar巴a
(m2)。
ぐfable4-4. Maximum number of rosettεs and datεof maximum rosette number 
stag日，
Planting density** 
Transplanting tim巴 0.16 0.22 0.33 () .66 
May 2nd 35.9二と3.4 35.9土3.7 39.6土2.2 45.5土4.9
(Ju1. 21) * (Ju1. 18) (Ju1. 15) (Ju1. 13) 
May 17th 35.0ごと2.8 36‘0:1 1. 9 37.6土4.6 44.5土4.4
(Jul.23) (Jul.21) (Jul. 19) (Jul. 15) 
June 1st 24.5玄4.5 26.4こと4.3 30司9:t3.2 41.9士4.5
(Aug. 5) (Ju1. 28) (Jul. 23) (Jul. 19) 
June 16th 24.3土3.2 25.5こと1.9 23.9:1:1.8 30.1士1.3
(Aug. 15) (Ju1. 10) (Jul. 5) (Jul. 2) 
1) Maximum number ()f rosettes， rosettεnumber p巴runit area (m -2) 
Each value is sbown in mean :t standard dれnallOn
2 )ぺ dateof maximum ros日tenumber stage; * number of seedlings per unit 
area(m") 








Table 4 5. The number of productive rosettes per unit area and perc巴ntage
of productive ros巴t巴s.
Planting density本本
Transplanting tim巳 0.16 0.22 。.:3:3 り.66
孔1ay2nd 26.6土1.1 26.4 1. 2 28.7こと1.4 32.7ェ1.9
(74.1)ホ (7:3.5) (72.5) (71.9) 
五ilav17th 25.7:土23 25.4工1.2 27陶号ごと1.8 32.1 1. 3 
(73‘4) (70.5) (74.2) (72.1) 
June 1st 24.6土3.3 25.4:t3.1 25ヲ土1.7 30.7土1.6
(96.9) (合6‘2) (80.5) (73.3) 
June J 6th 24.2ごとし7 24‘6土1.5 25.5:，: 1. 3 29.1工1.7
(99.5) (96.5) (88.2) (96.6) 
1) Number of productive rosettes; rosettes number per unit area (m-2). 
n己an:t S. D. 
2 )ぺ P白rcentage()f productive 1'osettes= (numbe1' ()f productive 1'osett巴s)γ





。。 。。 。 。。 。 。
r = 0.9185** 。 。
。¥、 0
20 25 30 35 40 45 50 10 15 20 25 30 5 10 15 
Maximum nurnber of rosettes 
July August 
Maximum rosette number stage 
Fig. 4-7. Correlation of the number of prodl1ctive rosetles per unit area with the 
maximl1m number of ros巴ttes(A) and with the maximl1m rosette nllmber 
stag日(B)
Table 4 6. Yi巴ldper unit area 
Planting density** 
Transpl呂ntingtime 。16 0.22 
May 2nd 924土32 931三二58
Mav 17th 937 j= 112 942士70
June 1st 813土73 849土124
June 16th 774士38 782ヱ:67
Yield， total weight ()f valllable fruits(gm…2) 
れumberof seedlings per unit area (m '2). 














0.16 0.22 0.33 0.66 
20.4土0.4 20.3:tO.8 20.4土1.0 19.6土O岨8
20.4:t (). 7 20.1:t 0.7 20.3土0.9 20.5:iこ0.7
19.6:tO.2 19.9士0.9 19.5土1.0 19‘5土0.6
20.1:t0.4 19.8:tO.6 19.5:t0.6 19.3ゴニ0.4
Weight of a valuable fruit，日V巴regefresh weight of valuable fruits (g). 
叫， number of seedlings p日runit ar伺回(m'2)
Each value is shown in mean :士S. D. 
Table 4.8. The numbeτof valuable fruits per unit area and p巴rros巴tes.
density** 
Transplanting time 0.16 0.22 0.33 0.66 
乱lay2nd 45.3と1.6 45.9ゴー1.7 48.3ごと3.5 58.0ごと5.5
(1.8) * (1.3) (1. 7) (1.8) 
lVIay 17th 46.0土3.3 46.8士2.5 47.1:iご4.1 55.2土4.2
(1.7) (1.8) (1.7) (1.7) 
June 1st 41.5土4.3 42.7土3.5 45.2:t3.9 50.5土3.5
(1. 7) (1.7) (1. 7) (1.6) 
June 16th 38.5士1.8 39.5土4.1 42.5:t3.8 45.9土2.ヲ
(1.7) (1.6) (1.7) (1.6) 
1 )ぺ numberof valuable fruits per rosette; *へ numberof seedlings per unit 
area(m--'). 
2) Each value is shown in m日an土 S.D










0.897** 0.435 N. S. 0.305 N. S. 
VF， valuable fruits; PR， productive rosettes; FWVF， fr巴shweight of valuable 
fruit; '*， significant at 1 % level; N. S刊 notsignificant at 5 % level 
43 
範閤で変異したが，移植時期が遅くなるに従って減少しヲまた，いず、れの移植時期においても
























































の2条件を組み合わせた 6試験区を設定した，施把区には N: P : K=4 : 4.6: 4 g m-2棺当
量の元肥を施した.各試験区は，代掻き後，波板を用いて2.25m2 (1. 5m X 1. 5m) に区苦手jりし，
施肥区と無施肥区を露地栽培区では各30密画，ハウス栽培毘では各32区，遮光栽培区では各30
区ずつ設置した.ハウス栽培区は水田に組み立てた透明ビニール張りのパイプハウス(奥行28























おいても 4~ 50C高めに推移した (Fig.4-8). 
一方ヲ遮光広では生育期間を通じて最高気温@





























Jun. Jul. Aug‘ Sep. Oct. 
Fig. 4.8. Changes in air (A) and water (B) 
t巴mperature
ムd弘、 vinylhouse clltlre; 08， open 
field;口鶴， shade culture. 
ム⑮麗， maximum temperature;ム口0，
minimuIT) temperature 
Sep. Percentage of 
4 10 
第76号 (1994)
Table 4.10. Changes in the l1umber of rosε(tes per uni t ar開 (m←2).
Jun. ]uJ 
Trεatmentネ 13 20 27 4 1 18 21 25 29 
Aug. 
1 4 8 II 17 24 29 
佐繁大学農学部議室報46 
PR 
VH + F 4 8 15 27 :31 36 31 28 27 29 30 30 30 30 30 30 30 30 82.7 
VH 1 2 :i 9 14 23 28 35 33 30 27 28 30 29 29 29 2ヲ 29 83.3 
OP+F 1 2 3 6 9 14 17 25 32 3品 31 26 28 29 28 28 28 28 78.0 
OP 1 1 2 :3 6 8 10 13 18 20 25 33 30 29 28 28 28 28 91.:3 
SC十F 1 1 2 3 :5 7 10 B 17 19 24 25 26 25 24 24 24 24 93.0 
SC 1 1 1 234 7 9 11 13 16 19 20 22 21 20 20 20 95.7 
1 )本 VH， vinyl hom札、 culture;OP守 openfield cultuer; SC， shade culture; F， fertiliz託tion;PR， producctive 
γocettes 
2) Und巴rlinεdfigures show the maximum numb邑rof rosettεS. 
3) The values 011 10th Sepωare indicated as the number of productive rosettes. 
4) Percentage of producti ve fO記 ttes=(thεnumb巴rof productive rosεttes) 





























































Fig. 4.9. Time course of cov巴rdegree ()f 
floating Jeaves (A) 日nd emersed 
leaves (B) 
D， vinyl house culture ート fertilization; 
A， vinyl house cultur日けpenfield 
cultur日 fertilization;畿， open field 















? ? 、 ? ?
Aug. Jul. 
47 有馬:トウピシの生育ならびに生E室生態の解明とlDU量成立に関する研究






















































本 VH，vinyl house culture; 01'， open field culture; SC， shade culture; F， 
fertilization. 
Numerals are showm as cumulative number of rosettεs with a flower(%). 
Table 4-12. Correlation coefficients betw巴enfirst f10wering days and maximum rosεtte number 
days after lr乱nsplanting.
of Cumulative number 
f10wers per rosette 
0.8805本本
0.8795*ホ
First f10wering day 
Maximum rosettεnumber day 
First flowering day 







































? ? ? ? ? ?
。
Aug. Sep. Oct. 
Fig.4-10. Relationship between the first 
f10w巳rin日 timeand the cumulative 
number of blooming flower per 
rosette 
The first flowering time: C)， 3rd Aug.; 
ム， 13thAug. ; [1， 23th Aug. 
* *‘ the cumulative number of 
f10werち obs日rv日dduring thεperiod 
from th日 firstf10wering time to 14th 
Oct. Values are m日註nsof three plots 






























トi 1 (134) 
VH十F VH OP十F OP sc十F SC 
Treatrn朗t
Fi詰4-11. Ratio of cumulative number of 
flowers 
おumeralsin parentheses inピ1icatethe 
percentag巴tothεvalue of OP 
VH. vinyl house culture; OP， opεn field 
culture; SC， shade culture; F， fertiliza-
tion 




Table 4-13. Yi日ldand yield components of plants grown under different conditions. 
Treatrnentキ
VH十F VH OP十F OP scートF sc 
Yie1d(gm-2) 1190土89 985土68 952土47 686土64 563土32 506土28
(173) (143) (139) (100) (82) (74) 
Tota1 weight of al fruits(gm-2) 1296土86 1039ゴ二69 994土48 740:t 70 601土41 548土33
(175) (140) (134) (100) (81) (74) 
Percentage of va1uab1e fruits weight (%) 92 95 95 93 94 92 
Mean weight of va1uable fruits (g/fruit) 20. 9:iO. 7 18.6土0.9 19.8土0.4 19.6土0.4 18.8土0.7 18.8工0.9
(107) (95) (101) (100) (96) (96) 
NUl1ber of valuable fruits(rn-2) 57丈 7 53ヱ5 48土 2 35土4 30土 3 27土 3
(163) (151) (137) (100) (85) (77) 
Total number of fruits(m 2) 76土 7 70:': 6 611: 3 47土5 43土 4 41土 4
(162) (148) (130) (100) (91) (87) 
Per司centageof valuable fruits number (%) 内75 76 78 75 70 67 
Number of valuable fruits per rosette 1.9:1:.0.2 1.8士山 1 1 i土(].1 1.31:0.2 1.2土0.1 1.2土().]
(146) (138) (131) (100) (92) (92) 
Number of productive rosetles(m-2) 29.8土1.6 28ヲ土2.9 28.0土2.4 27.6土1.5 24.0士2.4 20.0土1.6
(108) (104) (102) (100) (87) (72) 
1) *: Vl-， vinyl house culturで;OP， open field culture; SC， shade culture; F， fertilizatiol1. 
2) Numerals in par巴nthesesare showηas percentage ()f comparisりnto open field culture 







Table 414. Correlation co巴fficientsamong yield and yield components. 
Yield Number of Numb巴rof Number of Fresh weight of 
(gm-2) valuabl巴fruits ¥'aluable fruits productive valuabl日fruit
(m-2) per rosette rosette (m-2) 
Yield (gm…') 。.9669** 。.8564ホ* 0.8469** 0.1049 N. S. 
Cumulative numb巴rof 0.9623キ* 。.9809事* 0.9617島本 0.8057** 0.3061 N. S. 
flowers per rosette 
Iv1aximum rosette 0.9094日 0.8899ホネ 一0.8031事品 0.7692** 0.1339 N. S. 
numb日rstag記
First flowering time ←0.8730キ不 -0.8437傘率 -0.7795ネネ -0.7056** 。‘0439N. S. 






























































けて移植栽培を行った.水田には湛水後，波較を用いて 2.25m2 (1.5m x 1.5m)の調査r:.z画







(1) 花芽の発育過程の観察には， 8月308に上記の区画のうち 4区画で採取した約260個の葉冠
を材料とし，花芽を実体顕微鏡下で各葉越の茎軸から節位別に花柄最下部で切り離し，花審部
および花柄を含む全縦長と花柄長を測定した.













において， 6期の開花時期(8 月 14 日~16 日， 8 月 21 日 ~238 ， 8 月 28~30 日， 9 丹 4 日~6
日， 9 月 11 日 ~13 日， 9 月 18 呂~20日.以下，便宜上それぞれの開花時期を， 8月15日， 8月


































































-16 -10 -5 
Number of nodes * 
Length of flower bud by node. 
※， the nod巴wherelamina opens. 
0， total length of flower bud. 










Fig. 5-2. Growth of fruit and fruit stalk 
by node. 
N umerals represent the number of 
nodes counted from the node， 




10 16 20 25 30 
Fig. 5-3. Number of nodes (after the opening 。flamina) 
Weight and size of a fruit by node. 

















? ? ? ? ?
???
40 
8 ~ w ~ u w ~ 
N国池田 ofnodes (after the句四泊gof lamina) 
Fig. 5-6. Changes in the ratio of large cotyle-
don per fruit in fresh weight. 
Vertical bars indicate S.E. 
。
Fig. 5-4. Growth of large cotyledon by 
node. 
N umerals represent the number of 
nodes counted from the node， 






















2 3 4 
羽reeksafter flowering 
Fig. 5-7. Changes in dropped fruit ratio*. 
*: (1-number of viable fruits-i-num-
ber of marked f!owers) X 100. 
Vertical bars indicate S. E. 
6 5 
。25 
Fig. 5-5. Number of nodes (after the opening 
of la1TIina) 
Weight and size of large cotyledon 
by node. 
e， fresh weight;・，dry weight; 0， 
width;ム，height;口，thickness 









までの聞に高く， 4週目以降では極めて低くなった (Fig.5-7). そこで，開花後4週目から 6








Table 5-1. Chang定sin the perce泊tageof fructification and valuable fruits， and in 
valuable fruit production efficiency with flow日ringtime. 
E<'lowering date 
August September 




























ぺp巴rcentagewas shown as average value of the date obtained 4， 5 and 6 weeks 
after flowering， number of viable fluits/number of marked flow邑rsX 100(%); 



















? ? ? ?
?? ? ? ?
??????
?









Da teof fI ower ing 
Fig. 5-9. Relationship between the date of 
flowering and fruit weight 
See Fig. 5-8. for the symbols. 




Date of f10wering 
Fig‘5-8. Relationship betwe日nthe date of 
flowering and siz古sof fruits. 
8， 3 weeks after flowering; 0， 6 
weeks after flowering. 
Vertical bars indicate S. E. 
12 
Sep. 




















15 2 29 
Aug. 
5 12 19 
Sep. 
Date af fl(附'ering
Fig.5-10. Relationship between the date of 
f10wξring and the ratio of large cotyle. 
don weight to total fruit weight 













8 12 16 20 24 28 
Date of flowering(Sep.) 
Fig.5-11. Detailed relationship between the 
date of f10wering and fruit weight in 
September. 
↓， f10wers set after this time (15th 
Sep.)had no valuable fruit. 





















































































































(1) 栽植密度処理では，水聞に2.25m2(1. 5m X 1. 5m) の区画を21区画， 6.75m2 (1.5mX4.5 











































Fig.5-12. Distributing pattern of fJower buds 
and fruits along a stem. 
FN， "flower node"， the node with a 
flower bud. 
NFN，、on-flowernode"， th巴 node
without a flower bud. 
FNG， "flower node group" consisting 
of 1 or more flower nodes. 
NFNG， "non-flow巴rnode group"con. 
sisting of 1 or more non-flower 
nodes. 






























































2 1 0 2 4 6 8 10 
Numbe r ofsucc田siveflower noo朗 or
n山田町f10w世 nooes
Fig.5-13. Change in the number of successive 
flower nodes and non-flower nodes 
composing a FNG and a NFNG 
toward the shoot apex on a stem 
FNG， NFNG:S巴巴Fig.5-12. Numbered 
acropetally from the node of the first 
flower along a stem. 





Fig.5-14. Relationship between th芭date* of the first flowerω 
ing and the nodal position村 ofstems in a plant (an 
example). 
本:Numerals in circle show the first f10wering day in 
巴achst巴m.Th巴 daysare counted from the first 
flow巴ringday in a plant. For日xample;① means10th 
Aug. flowering and ③ means 13th Aug. flowering. 
• *: Cumulative number of nodes from th巴basalnod君。fth巴 mainst巴mto the node at which the branch 
concerned developed. The branching point of each 
st芭m from the mother stem shows the cumulative 
























40 80 120 
Nodal posit回nof b悶nches**
Fig.5-15. Relationship between thεdate* of 
the first f10wering and the nodal posi司
tion林 ofprimary， secondary， tertiary 
and fourthly branches (an example). .， primary branch; 0，secondary 
branch;ム， tertiary branch;口， fourth. 
Iy branch; I， primary branch (y = O.
46+0.11x， r=0.916村); I， secondary 
branch (y=-0.53十0.24x，r=0.674叫);
Il， tertiary branch (y=6.33+0.12x， r= 


































'" 'e 3.0 
、制
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? 。 ? ? ? 。
? ?
1∞ 204060801∞ 
Nodal posi世onof branch** 
Fig.5-16. The number of f10wers (A)， valuable fruits (B) and the rate of valuable 
fruit production (C)事， as relat日dwith the nodal position村 ofbranches 
. ，C=B/Ax100(%); "， See the note 傘 inFig. 5-14. 
80 60 40 20 
。









0.25 0.4 0.8 1.7 3.5 7.1 14.2 28ι 
Planting density(plant砂金の
Fig.5-17. Influence of planting density on the 
first flowering node • . 
本:node was numbered from the node 
where the lamina was opening with十
number acropetally and with -num-
ber basipitally. The node 0 isthe node 
at which the lamina was opening‘The 
observation was made on 10th August， 
83 days after transplanting 
』????
?
? ? ? 。
?




? ? ? ? ?




t t 。 ? ? 、
十12
Whole Jun. Jul. Aug. Conlrol 
Sbading stage** 
Fig.5-18. Influence of the shading time on the 
first f10wering node. 
(22th Aug.， 95 days after transplant-
ing) 
*:s巴ethe note for Fig.5-17. .: whole， 
Jun. 1~ Aug. 2; Jun， Jun. 1~ Jun. 25; 
July， Jun目 26~ Jul. 20; Aug， Jul. 26 
~Aug.20. See Fig.5-17 for the sym-
bols 
一一一 thenode of lamina opening. 
Vertical bars indicate S. E. 
Table 5-2. Relationship between the number of nodes included in the 1st 
non-flower node group and the shading time. 
Control 
Number of nodes 9.02 
in 1st NFNG 士0.28
Shading time 
June July August Whole 
9.25 9.33 9.10 10.05 
士0.27 士0.20 土0.26 土0.29





















































































材料には1990年に佐賀大学農学部本庄闘場に設置した水槽 (60x 60 x 50cm)に移植栽培した
トウピシを用いた.水槽の底には水田土壌を約10cmの淳さに充填し，元肥として m2当り，N， 
P， Kそれぞれ， 4， 4.6， 4 gを施用した.水槽には地下水を湛水して水深を40cmに保った.
移植は 5月初日に，本章第2節と同様にガラス室内において生育させたトウピシから茎長を約
90cmに揃えて採苗し，茎の切断端の約10cmを1水槽I個体宛，窟土に挿入した.
日長処理は6月26日から 8月26日までの 2カ月間実施した.日長の異なる処理区を設け， 24 




































Fig.5-19. Changes in the number of nodes in a 
flower -and a non flowεrnodegroup 
and the total number of nodes in both 
the groups in response to day length‘ 
0， number of nodes in a flower node 
group. 
e， number of nodes in a non -flower 
node group. 
口， total numbεr of nodes of both 
groups. 
Vertical bars indicate standard devia司
tions 
11 13 














































Fig.5-20. Leaves at successive nodes with 
and without flower bud; an example 
of ten consective flower nodes set in 
a f10wer node group under nine 
hours day length. 
S， stem; L， lamina unfolding node 
designated 0 in node number; FB， 
f10wer bud; FR， young fruit; • ， I巴af
at f10wer node. 
o 1∞o 1∞o 1∞o 1∞o l'∞ 




















Fig.5-21. Changes in p号rc巴ntageof flower bud 
formation at each node with photoper. 
iod. 
Numerals in the parentheses show day 
length. 
F， first flower bud. 
※; at the nodes upper than the mark， 
discrimination of flower bud by eye-
inspection was difficult. 
ぺ discriminationbetween a f10wer 
and a non-flower node was impossible. 
Percentage of f10wer bud formation 
was calculated for each node from the 
observations on 18 to 24 rosettes in a 
plot. 
Eff倍ctof day length on the number of f10wer buds. Table 5-3. 
Day length(hr) 
13C 14e 13.5d 11b 9a 
1. 7:!: 1. 2 2.2土1.72.7土1.94.1:!:1.9 Number of flower buds per 5.9土1.8
10nodes彬
事:values show means土 standarddeviations calculated from the number of f10wer buds and 
fruits formed on the nodes; a， from 4th to 19th; b， from -1st to 19th; c， from -13th to 17th; 
d， from d， from -15th to 15th; e， from -15th to 11th， ofthe rosettes sampled on 27th August. 
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Table 5-4. Effect of day length on the flower bud length. 
9 11 13 13.5 14 
Flower bud length本(mm) l.2土0.1 1沿土0.2 2.1土0.2 2.3土0.1 2.4土0.1
ぺthelength of flower buds was measured on 27th August. M巴an土S.D. 
Table 5-5. Effect of day length on the leaf号m在rgencerate. 
9 11 13 13.5 14 
Leaf emerg芭ncerate歩
(day-l) 
2.2士O曹4 1.9土0.4 1.4土0.4 1.2玄0.4 0.9:土:0.4
ホ，values show means土 standarddeviations calculated from the number of leaves邑merg日d
during the period of 21 days， from 5th Aug. to 26th Aug.. Mean ごとS.D.
Table 5-6. Effects of day length on the sizεof leaves 
9 11 13 13.5 14 
Leaf area彬(cm2) 12.0土0.5 13.7土l.5 21.0土1.0 25.4土1.1 36.4土1.2
Lamin呂 length*(cm) 39.9土0.4 4l.2士0.8 50.7土2.0 56.1士1.1 64.5土1.4
Lamina width*(cm) 47.4土0.9 48.0土0.8 64.5土1.2 70.1士1.9 85.1土2.9
Petiole length村 (cm) 合.1土0.6 9.8土0.4 14.7土0.4 13.1:土0.8 16.5土0.6
ぺγaluescalculated from the leaves set at the 10th to 20th nodes along thestems of rosettes 
sampled on 27th August. 
村， longest ten petioles in告achrosette w巴remeasur巴d.


















Table 5-7. Effects of day length on the characteristics of ros巳t日♂.
Diameter of rosette (cm) 











Day length (hr) 
13 13.5 14 
18.8:t2.2 22.5土1.9 21.6:i2.0 
2.8:t1.2 4.4土1.0 6.7土1.4
44.5:t2.3 38.2土1.8 3:).4土3.2
Fr巴5hweight 84土18 86:士17 89::24 106:t20 122ごと32
of呂 rosette(g)
ぺrosettessampled on 27th August 
**， length from thεwater level to the highest positiO!1 of a rosette 






































































































GrO¥vth of water chestnut under transplanting cultivation in paddy field Fig. 61. 
2.多収護軍伊jにおける















Acceleration of growth 
in early stage 
High -increasing rate of the number of rosettes per unit area 
High ωincreasing rate of cover degree 
Early emergence of 
emersed leaf 









Allowed to reach the maximum rosette number stage at earlier time 
Early perfection of 
emersed leaves population 
Increase in the number of 
flowers per rosette 
Increase in fruit weight 
Advance of Increase in the number of flowers 
per umt area 
Increase in the number of fruits 
per umt area 
Increase in the number of valuable fruits per unit area 
Yield increase 
Fig. 6 2. Proce，うSof high yield performanc日ofwater chestnut cultivatεd by four 
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